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Description 

[0001] The present invention relates to bone anchors 
for anchoring an object to bone, in accordance with the 
preamble of claim 1 . An anchor of this type is known 
from US-A-5 217 486. Furthermore, the invention re- 
lates to an anchor system 

[0002] In the documents US-A-4, 632, 101 ; US-A-4, 
721, 103; US-A-4, 898, 156; US-A-4, 968, 315; US-A- 
4, 997, 433; US-A-5, 037, 422; US-A-5, 147, 362; US- 
A-5, 207, 679; and US-A-5, 217, 486, there are dis- 
closed a variety of anchors for attaching suture, bone 
and/or soft tissue to bone. The foregoing patents further 
disclose a number of installation tools for deploying the 
anchors disclosed therein. Complete details of the con- 
struction and operation of these anchors and their as- 
sociated installation tools are provided in the above- 
identified documents. 

[0003] It will, therefore, be understood that anchoring 
devices such as those taught in the above-referenced 
patents generally comprise an anchor body, attachment 
means for attaching the desired object to the anchor 
body, and one or more barbs, pins, ridges, threads, or 
other bone-engaging means for holding the anchor body 
securely to the bone. Typically, the bone-engaging 
means are either manufactured separately from the 
body and then assembled to it, or they are machined/ 
milled from the body itself. 

[0004] Prior art bone-engaging means often take the 
form of several straight or curved cantilevered barbs, 
where the barbs may be elastically deformed to permit 
installation. This has been particularly true for anchors 
used in medical applications, where the need for high 
holding strengths has lead to the development of an- 
chors having multiple cantilevered barbs. In any case, 
the body, the attachment means, and the bone-engag- 
ing means mechanically cooperate with one another to 
fasten a suture, bone portion, soft tissue, prosthesis, 
post or other object in a bone hole or bone tunnel. 
[0005] Those skilled in the art will appreciate that 
known bone anchors generally experience a wide range 
of stresses during insertion into a bone hole or bone tun- 
nel. Although some prior art anchors have attempted to 
incorporate polymeric materials in their construction, 
these anchors have, in practice, generally provided in- 
adequate holding strength. As a consequence, known 
anchor bodies and known bone-engaging means have 
generally been made from high strength, biocompatible 
metals and metal alloys. 

[0006] As the use of prior art anchonng devices has 
become more widespread, however, it has been found 
that known bone anchors suffer from a number of limi- 
tations. For example, forming both the anchor body and 
the bone-engaging means out of biocompatible metals 
and metal alloys increases the cost of manufacturing. 
Also, in many medical applications, it may be desirable 
to minimize the metal remaining in the patient's body 
after surgery. 



[0007] Until now, however, the mechanical require- 
ments placed on known anchors have generally limited 
the extent to which it was possible to incorporate alter- 
nate materials into the anchors. 

5 [0008] For example, a large number of different bio- 
compatible polymeric and bioabsorbable materials are 
currently available which are: (i) relatively low in cost; 
(ii) fully compatible with conventional fabrication meth- 
ods; and (iii) capable of being absorbed into the body of 

10 the patient after surgery. Unfortunately, such polymeric 
and bioabsorbable materials generally do not possess 
the requisite mechanical properties that have been 
found to be necessary for adequate retention of the an- 
chor in the bone hole or bone tunnel. In particular, it has 

15 been found that with "barb-type" prior art anchor de- 
signs, the anchor bodies cannot be formed out of these 
alternative materials since the materials have insuffi- 
cient structural strength to hold the inboard ends of the 
prior art barbs fast. At the same time, the anchor barbs 

20 themselves cannot be formed out of these alternative 
materials since the materials have insufficient elasticity 
to pemriit anchor deployment and Insufficient strength to 
hold the anchor fast to the bone. 
[0009] With regard to the anchor bodies, it should be 

25 appreciated that substantial stresses may be induced in 
the prior art anchor bodies during both construction and 
use. For example, during the construction of some an- 
chors, the inboard end of a curved barb is forced into a 
straight channel in the anchor body. This tends to induce 

30 significant stresses in the anchor body. Furthermore, in 
some anchors, significant stresses are Induced in the 
anchor bodies during use when the barbs are deformed 
through engagement with a bone. Unfortunately, the 
aforementioned polymeric and bioabsorbable materials 

35 lack the structural strength of the aforementioned bio- 
compatible metals, and hence anchors formed out of 
such polymeric and bioabsorbable materials using prior 
art designs tend to lack the requisite holding power. 
[0010] It has been, therefore, impractical to incorpo- 

40 rate the aforementioned polymeric and bioabsorbable 
materials into known anchor body designs. 
[001 1] The problem to be solved by the present inven- 
tion is to reduce the stresses induced in the anchor's 
body when the anchor's barbs are deformed during use. 

45 For the solution of this problem, an anchor as defined 
in claim 1 and an anchor system as defined in claim 33 
are proposed. Optional embodiments of this invention 
are proposed in the dependent claims. 
[0012] Accordingly, a primary advantage of the 

50 present invention is to provide an improved anchoring 
device which is adapted to be constructed from a variety 
of different materials. 

[0013] A more specific advantage of the present In- 
vention is to provide an improved anchoring device 
55 which may be made out of both polymeric and bioab- 
sorbable materials. 

[0014] Another advantage of the present invention is 
to provide an improved anchoring device having fasten- 
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ing means for fastening the anchor within a bone hole 
or bone tunnel, wherein the fastening nneans connprise 
multiple bone-engaging nneans. 
[0015] Yet another advantage of the present invention 
is to provide a novel anchor having an improved design 
adapted to reduce the stresses induced in the anchor's 
body when the anchor's barbs are deformed during use. 
[0016] A still further advantage of the present inven- 
tion is to provide a novel anchor whose holding strength 
is equal to or better than the holding strength of prior art 
anchors. 

[0017] Yet another advantage of the present invention 
is to provide an anchor wherein substantially no stress- 
es are induced in the anchor body while assembling the 
anchor's bone-engaging means to the body. 
[0018] Another advantage of the present invention is 
to provide a bone anchor which may be manufactured 
using both conventional polymer molding technology 
and metal-forming technology. 

[0019] Still another advantage of the present inven- 
tion is to provide a novel anchor which may be deployed 
using existing anchor installation tools. 

[0020] A further advantage of the present invention is 
to provide a novel bone anchor having a reduced man- 
ufacturing cost. 

[0021] Still another advantage of the present inven- 
tion is to provide an improved anchorfor attaching a su- 
ture, bone, soft tissue, prosthesis, post or other object 
to bone. 

[0022] These and other advantages of the present in- 
vention are achieved through the provision and use of 
an anchor design in accordance with claim 1 which com- 
prises a body, attachment means for attaching the de- 
sired object to the body, and fastening means for fas- 
tening the anchor within a bone hole or bone tunnel. 
[0023] The anchor body comprises a distal portion 
having a first end and a second end, a proximal portion 
having a first end and a second end, and a middle por- 
tion extending from the second end of the distal portion 
to the first end of the proximal portion. In the preferred 
embodiment of the invention, the anchor body prefera- 
bly comprises a polymeric or bioabsorbable material. 
[0024] Attachment means for attaching the desired 
object to the anchor are formed in a portion of the body. 
In a preferred embodiment, the attachment means com- 
prise a round or elongated hole extending diametrically 
through a portion of the anchor body. 
[0025] The fastening means comprise a central por- 
tion and a plurality of bone-engaging means. The central 
portion is fixedly positioned within the novel anchor body 
and is formed out of a resilient material. Each of the plu- 
rality of bone-engaging means is connected to the cen- 
tral portion and extends outwardly from the anchor body. 
In a preferred embodiment, the bone-engaging means 
are also formed out of an elastically deformable materi- 
al. 

[0026] The foregoing anchor is intended to be used in 
conjunction with an appropriate installation tool of the 



sort well known in the art. In a preferred embodiment, 
the installation tool comprises an elongated shaft having 
a distal end and a proximal end. Tubular means, asso- 
ciated with the distal end of the shaft, are adapted to 
5 receive and hold the middle and proximal portions of the 
novel anchor's body. During use, the distal end of the 
shaft moves axially through the tubular means so as to 
engage the anchor and drive it out of the tubular means 
and into an adjacent bone hole or bone tunnel. 

10 

Brief Description of The Drawings 

[0027] These and other objects, features and advan- 
tages of the present invention will be more fully dis- 
15 closed in, or rendered obvious by, the following detailed 
description of the preferred embodiments of the inven- 
tion, which are to be considered together with the ac- 
companying drawings wherein like numbers referto like 
parts and further wherein: 



20 

Fig. 1 is atop view, partially in section, of a preferred 
embodiment of the present invention; 
Fig. 2 is a side elevational view of the anchor shown 
in Fig. 1 ; 

25 Fig. 3 is a rear end view of the anchor shown in Fig. 
1; 

Fig. 4 is a top view, partially in section, of an alter- 
native embodiment of the present invention, show- 
ing a variation of the anchor body shown in Figs. 
30 1-3; 

Fig. 5 is a side elevational view of the anchor shown 
in Fig. 4; 

Fig. 6 is a rear end view of the anchor shown in Fig. 
4; 

35 Fig. 7 is a top view, partially in section, of another 
alternative embodiment of the present invention, 
showing another variation of the anchor body 
shown in Figs. 1-3, wherein the attachment means 
are located in the distal portion; 

40 Fig. 8 is a side elevational view of the anchor shown 
in Fig. 7; 

Fig. 9 is a rear end view of the anchor shown in Fig. 
7; 

Fig. 10 is top view, partially in section, of an alter- 
45 native embodiment of the present invention, show- 
ing a variation of the fastening means shown in 
Figs. 1-3, wherein the central portion of the fasten- 
ing means is notched; 

Fig. 11 is a side elevational view of the anchor 
50 shown in Fig. 10; 

Fig. 12 is a rear end view of the anchor shown in 
Fig. 10; 

Fig. 13 is a top view, partially in section, of a further 
alternative embodiment of the present invention, 
55 showing another variation of the fastening means 
shown in Figs. 1-3, wherein the central portion of 
the fastening means is flattened and includes a hole 
therethrough; 
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Fig. 14 is a side elevational view of tine anchor 
shown in Fig. 13; 

Fig. 15 is a rear end view of the anchor shown in 
Fig. 13 and further illustrating, in phantonn, the flat- 
tened central portion having a hole therethrough, 5 
and including indented portions circumferentially 
positioned around the peripheral edge of the flat- 
tened central portion; 

Fig. 1 6 is atop view, partially in section, of a further 
alternative embodinnent of the present invention, io 
showing another variation of the fastening nneans 
shown in Figs. 1-3; 

Fig. 17 is a side elevational view of the anchor 

shown in Fig. 16; 

Fig. 18 is a rear end view of the anchor shown in f5 
Fig. 16; 

Fig. 19 is a top view, partially in section, illustrating 
a further alternative embodinnent of the present in- 
vention, showing another variation of the fastening 
nneans shown in Figs. 1-3, wherein the fastening 20 
nneans has a linear projection formed in the central 
portion thereof; 

Fig. 20 is a side elevational view of the anchor 
shown in Fig. 19; 

Fig. 21 is a rear end view of the anchor shown in 25 

Fig. 19; 

Fig. 21 A is atop view, partially in section, of a further 
alternative embodiment of the present invention, 
showing a variation of the fastening means shown 
in Fig. 19, wherein the fastening means has a twist- 30 
ed linear projection formed in the central portion 
thereof; 

Fig. 21 B is a side elevational view of the anchor 
shown in Fig. 21 A; 

Fig. 21 C is a rear end view of the anchor shown in 35 
Fig.21A; 

Fig. 22 is a top view, partially in section, illustrating 
a further alternative embodiment of the present in- 
vention, showing still another variation of the fas- 
tening means shown in Figs. 1-3, wherein the fas- 40 
tening means comprise a bar which has been split 
through a portion of its length so as to provide the 
desired bone-engaging means, and further wherein 
the fastening means comprise a linear projection at 
the central portion thereof which extends into the ^5 
distal portion of the anchor body; 
Fig. 23 Is a side elevational view of the suture an- 
chor shown in Fig. 22; 

Fig. 24 is a rear end view of the anchor shown in 
Fig. 22; so 
Fig. 25 is a top view, in section, illustrating a further 
alternative embodiment of the present invention, 
showing yet another variation of the fastening 
means shown in Figs. 1-3, wherein the fastening 
means are formed from a tube which has been split 55 
partway along its length, and further wherein a dis- 
tal portion of the tube is filled with polymer; 
Fig. 26 is a side elevational view of the anchor 



shown in Fig. 25, and further illustrating the arcuate 
cross-section of the bone-engaging means; 
Fig. 27 is a rear end view of the anchor shown in 
Fig. 25 and also Illustrating the arcuate cross-sec- 
tion of the bone-engaging means; 
Fig. 28 is a top view, partially in section, illustrating 
still another alternative embodiment of the present 
invention, showing still another variation of the fas- 
tening means shown in Figs. 1-3, wherein the fas- 
tening means comprise a pair of elastic members 
which have been twisted together at one end so as 
to form a single twisted central portion which ex- 
tends into the distal portion of the body; 
Fig. 29 is a side elevational view of the anchor 
shown in Fig. 28; 

Fig. 30 is a rear end view of the anchor shown in 
Fig. 28; 

Fig. 31 is a top view, partially in section, of yet an- 
other alternative embodiment of the present inven- 
tion, showing still another variation of the fastening 
means, wherein the fastening means comprise mul- 
tiple parts; 

Fig. 32 is a side elevational view of the anchor 
shown in Fig. 31 ; 

Fig. 33 is a rear end view of the anchor shown in 
Fig. 31; 

Fig. 34 is a top view, in section, of the crimpable 
ferrule shown in Fig. 31 , illustrating a pair of longi- 
tudinally-extending cylindrical openings; 
Fig. 35 is a rear end view of the crimpable ferrule of 
Figs. 31 and 34, illustrating the two cylindrical open- 
ings; 

Fig. 36 is a top view, partially in section, illustrating 
yet another alternate embodiment of the present in- 
vention, showing another variation of the fastening 
means shown in Figs. 1-3, wherein the fastening 
means comprise a looped central portion extending 
into the distal portion of the anchor body; 
Fig. 37 is a side elevational view of the anchor 
shown in Fig. 36; 

Fig. 38 is a rear end view of the anchor shown in 
Fig. 36; 

Fig. 39 is a top view, partially in section, illustrating 
still another embodiment of the present invention, 
showing yet another variation of the fastening 
means shown in Figs. 1-3, wherein the fastening 
means comprise a compound spring; 
Fig. 40 is a side elevational view of the anchor 
shown in Fig. 39; 

Fig. 41 is a rear end view of the anchor shown in 
Fig. 49; 

Fig. 42 is a top view, partially in section, showing a 
further novel embodiment of the present invention, 
in which a pair of fastening means are enclosed 
within the body; 

Fig. 43 is a side elevational view of the anchor 

shown in Fig. 42; 

Fig. 44 is a rear end view of the anchor shown in 
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Fig. 43; 

Fig. 45 is a top view, partially in section, illustrating 
still another ennbodinnent of the present invention, 
wherein the fastening means extend perpendicular- 
ly to the body's longitudinal axis; 
Fig. 46 is a side elevational view of the anchor 
shown in Fig. 45; 

Fig. 47 is a rear end view of the anchor shown in 

Fig. 45; 

Fig. 48 is an exploded side elevational view of a typ- 
ical installation tool of the sort which nnay be used 
to insert the anchor of the present invention into a 
bone hole; 

Fig. 49 is an enlarged side elevational view, in sec- 
tion, showing the tubular sleeve nnennber of the in- 
stallation tool of Fig. 48; 

Fig. 50 is a plan view of the same tubular sleeve 
member, as taken along line 50-50 of Fig. 49; 
Fig. 51 is a side elevational view showing an anchor 
formed in accordance with the present invention, 
and the installation tool of Fig. 48, with the two de- 
vices being assembled together in preparation for 
inserting the anchor into the hole in the target bone; 
Fig. 52 is a partial side elevational view of the as- 
sembly of Fig. 51 positioned adjacent the target 
bone; 

Fig. 53 is a partial side elevational view of the as- 
sembly of Fig. 51 inserting the anchor into the target 
bone; 

Fig. 54 is a partial side elevational view showing an 
alternative form of elongated shaft which may be 
used in forming an installation tool of the sort shown 
in Fig. 48; and 

Fig. 55 is an enlarged partial side elevational view 
showing selected details of the elongated shaft 
shown in Fig. 54. 

Detailed Description Of The Preferred Embodiments 

[0028] Looking first at Figs. 1 , 2, and 3, there is shown 
an anchor 3 which comprises a preferred embodiment 
of the present invention. Anchors generally comprises 
a body 6, attachment means 9 and fastening means 12. 
[0029] Body 6 has a longitudinal axis 1 5 and compris- 
es a distal portion 1 8 having a conical end surface 21 , 
a proximal portion 24 having an end surface 27, and a 
middle portion 30 extending between distal portion 18 
and proximal portion 24. Conical end surface 21 eases 
insertion ofthe anchor into a hole formed in a workpiece. 
Body 6 has a maximum cross-section (as taken trans- 
verse to its longitudinal axis 15) which is only slightly 
smaller than the diameter of the target bone hole, as will 
hereinafter be disclosed in further detail. 
[0030] At least two longitudinally-extending channels 
33 extend along the outer surface of body 6. Each lon- 
gitudinal channel 33 opens on end surface 27 and has 
a substantially constant depth throughout its length. 
[0031] In the preferred embodiment, body 6 may com- 



prise a polymer, such as polysulfone, PEEK, Nylon or 
Delrin. Alternatively, body 6 may be formed out of any 
one of the many bioabsorbable materials well known in 
the art. For example, anchor body 6 might be formed 

5 out of materials such as homo and copolymers of gly- 
colide and trimethylene carbonate, homo and copoly- 
mers of lactide and glycolide, homo and copolymers of 
polylactic acid, or a blend of these homopolymers and 
copolymers. Anchor body 6 might also be coated with 

10 longer lasting materials, e.g. caprolactone and glycolide 
homo and copolymers, or glycolide and lactide homo 
and copolymers. Of course, the exact composition of 
such absorbable anchor bodies will vary according to 
the absorption and rigidity characteristics desired. Such 

15 compositions are well known to persons skilled in the 
art. 

[0032] In the following detailed description, body 6 
and its various alternative embodiments will be dis- 
closed assuming fabrication from a material of the sort 
20 described above. It will be understood, however, that 
these same embodiments may be fabricated from an- 
other non-absorbable polymer, or from a non-absorba- 
ble material which is not a polymer, or from another ab- 
sorbable material. Alternatively, these same embodi- 
es ments may be fabricated from metal, using conventional 
metal-forming techniques, without departing from the 
scope of the present invention. 

[0033] Attachment means 9 extend through body 6 
and provide a means for attaching the desired object to 
30 body 6. Attachment means 9 preferably comprise a bore 
36 extending transversely through body 6 and commu- 
nicating with longitudinal channels 33. Advantageously, 
when the anchor of the present invention comprises a 
suture anchorandthat anchoris installed in a bone hole, 
35 the suture can be attached to body 6 using attachment 
means 9 so that it is able to slide freely relative to the 
anchor. More particularly, a suture that passes through 
attachment means 9 can pass by proximal portion 24 of 
body 6 via longitudinally-extending channels 33. In es- 
40 sence, longitudinally-extending channels 33 provide a 
clearance between the inner surface of the bone hole 
and the suture so that the suture will not be abraded 
during anchor insertion and, consequently, will not bind 
against the bone hole inner surface after anchor inser- 
ts tion. 

[0034] Attachment means 9 may be provided at either 
the distal, proximal, or middle portions of anchor body 
6. In the preferred embodiment shown in Figs. 1-3, at- 
tachment means 9 comprise the bore 36 extending 

50 transversely through the anchor body's proximal portion 
24. The portion of bore 36 located closest to proximal 
end surface 27 forms a smoothly contoured bearing sur- 
face 39 (Fig. 2). Smoothly contoured bearing surface 39 
is formed so that it is free of sharp edges. Accordingly, 

55 a length of suture threaded through bore 36 and engag- 
ing surface 39 may be slid along that bearing surface, if 
desired, afterthe anchor has been deployed in the bone 
hole. It will be appreciated that by forming attachment 
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means 9 as a transverse bore 36 located at the proximal 
end of the anchor, any forces applied to the free ends 
of the suture after the anchor has been set in bone will 
not tend to induce rotational torque on the anchor. 
[0035] In the preferred embodiment shown in Figs. 
1 -3, fastening means 1 2 comprise a curved central por- 
tion 42 and a pair of bone-engaging means 45. Curved 
central portion 42 is fixedly positioned within body 6 ad- 
jacent to the point where middle portion 30 meets distal 
portion 18. Curved central portion 42 preferably com- 
prises a substantially rectangular cross-section and is 
curved so that it extends proximally outward with re- 
spect to body 6. The pair of bone-engaging means 45 
comprise elongate beams which extend proximally out- 
wardly from curved central portion 42 by a predeter- 
mined distance from body 6. Each of the bone-engaging 
means 45 further comprise an outwardly curving end 
portion 48, when in their normal, unstressed condition. 
End portions 48 arecurved outwardly to further enhance 
engagement of the anchor with the adjacent bone sur- 
face when the anchor is disposed in the target bone 
hole. Bone-engaging means 45 are cantilevered and 
preferably have a substantially rectangular cross-sec- 
tion. It will be understood, however, that other cross-sec- 
tions (including circular, square, ellipsoidal, and polyg- 
onal) may also be used. 

[0036] It is further to be appreciated that the lengths 
(and widths) of bone-engaging means 45 and longitudi- 
nally-extending channels 33 are carefully sized relative 
to one another in order that the bone-engaging means 
45 may be fully received in longitudinally-extending 
channels 33, without contacting a suture positioned in 
attachment means 9, when bone-engaging means 45 
are deformed during anchor deployment. 
[0037] Typically, bone-engaging means 45 are dis- 
posed about longitudinal axis 15 and cantilevered to 
curved central portion 42. Bone-engaging means 45 
and curved central portion 42 are arranged in this man- 
ner so that during anchor insertion into a bone hole or 
bone tunnel, the stress generated by the deformation of 
fastening means 12 is, in large part, supported only by 
curved central portion 42. Thus, novel fastening means 
12 substantially reduce the level of stress applied to 
body 6 during insertion of the anchor in a bone hole or 
bone tunnel. 

[0038] In the preferred embodiments shown in Figs. 
1 -3, curved central portion 42 is fonned integral with and 
of the same material as bone-engaging means 45. How- 
ever, curved central portion 42 may also be a separate 
structure made of a different material, as will hereinafter 
be disclosed in further detail. In any case, central portion 
42 of fastening means 12 must be made of a suitable 
material such that it is capable of withstanding the 
stresses applied to it as a result of the deformation of 
cantilevered bone-engaging means 45. 
[0039] Preferably, bone-engaging means 45 are 
formed out of a pseudoelastic shape memory alloy of 
the type disclosed in the document US-A-4, 665, 906. 



By way of example, one such pseudoelastic shape 
memory alloy might be a nickel titanium alloy such as 
Nitinol, which is available from Flexmedics of Minneap- 
olis, Minnesota, among others. The use of such a ma- 

5 terial, in combination with the normal orientation of 
bone-engaging means 45 relative to anchor body 6, per- 
mits bone-engaging means 45 to initially deflect inward- 
ly to the extent required to permit the anchor to move 
forward in a bone hole or bone tunnel, yet still resiliently 

10 "spring back" toward their normal, outwardly projecting 
position so as to prevent the anchor from withdrawing 
back out of the bone hole or bone tunnel. 
[0040] The anchor of the present invention may vary 
in both the size and shape of its constituent body por- 

15 tions and/or its fastening means. 

[0041] One such alternative embodiment of the an- 
chor body is shown in Figs. 4-6. More particularly, there 
is shown an anchor 51 which comprises an anchor body 
54 and fastening means 12. Fastening means 12 are 

20 substantially identical to the fastening means 12 de- 
scribed above in connection with the anchor 3 shown in 
Figs. 1 -3. Body 54 has a distal portion 1 8 similar to that 
disclosed and illustrated in the anchor 3 shown in Figs. 
1-3. Body 54, however, further comprises middle and 

25 proximal portions that include at least two flattened side 
surfaces 57. More particularly, proximal portion 24 and 
middle portion 30 comprise flattened surfaces 57 that 
are recessed relative to distal portion 18. The depth of 
flattened surfaces 57 relative to distal portion 18 is at 

30 least substantially equal to the thickness of bone-engag- 
ing means 45. Flattened surfaces 57 extend proximally 
from the point where distal portion 1 8 meets middle por- 
tion 24. 

[0042] Attachment means 9 extend diametrically 

35 through body 54 such that when the anchor comprises 
a suture anchor and the anchor is deployed, the at- 
tached suture will be free to slide relative to the anchor 
as disclosed previously in connection with the anchor 3 
shown in Figs. 1 -3. Thus, flattened surfaces 57 function 

40 in a manner similarto the aforementioned longitudinally- 
extending channels 33, in the sense that they provide 
clearance for bone-engaging means 45 and a length of 
suture between the inner surface of a bone hole or bone 
tunnel and the middle and proximal portions of body 54. 

45 [0043] Looking next at Figs. 7-9, there is shown an 
anchor 60 which comprises a body 63, attachment 
means 9 and fastening means 12. Fastening means 12 
are substantially identical to the fastening means 1 2 de- 
schbed above in connection with the anchor 3 shown in 

50 Figs. 1-3. Body 63 is substantially identical to the body 
6 described above in connection with the anchor 3 
shown in Figs. 1 -3, except that attachment means 9 are 
positioned in the distal portion of body 63 rather than in 
the middle or proximal portions thereof, and attachment 

55 means 9 extend through body 63 perpendicular to the 
length of fastening means 12. Accordingly, longitudinal- 
ly-extending channels 66 extend proximally from distal- 
ly-positioned attachment means 9 and through middle 
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portion 30 and proximal portion 24 to provide a path for 
suture or the like extending through attachment means 
9. Of course, it will also be appreciated that longitudi- 
nally-extending channels 66 may extend from any por- 
tion of the anchor body having attachment means 9 lo- 
cated therein. 

[0044] What has been descnbed above are preferred 
embodiments of a novel anchoring device having a body 
comprising polymeric or bioabsorbable materials and 
fastening means comprising a plurality of bone-engag- 
ing means made out of a pseudoelastic shape memory 
alloy. It is to be appreciated, of course, that various mod- 
ifications may be made to the fastening means without 
departing from the scope of the present invention. 
[0045] A critical aspect of the novel bone anchor of 
the present invention isthepositioning of the central por- 
tion of the fastening means within the anchor body so 
as to prevent rotation of the fastening means with re- 
spect to the anchor body. If the fastening means are al- 
lowed to rotate within the anchor body, damaging stress- 
es will be generated and transferred to the anchor body. 
Additionally, the anchor body may rotate within the bone 
hole during insertion. Both of these undesirable effects 
can be further guarded against by adding various body 
engaging means to the central portion of the fastening 
means. 

[0046] For instance, and now looking at Figs. 10-12, 
there is shown an anchor 69 which comprises a body 6, 
attachment means 9 and fastening means 72. Body 6 
and attachment means 9 are substantially identical to 
the body 6 and attachment means 9 described above in 
connection with the anchor 3 shown in Figs. 1-3. Fas- 
tening means 72 are substantially identical to fastening 
means 12 described above in connection with the an- 
chor 3 shown in Figs. 1-3, except for comprising a 
notched central portion 75. Notched central portion 75 
comprises cutout portions 78 positioned on one or more 
sides thereof. Cutout portions 78 help to improve me- 
chanical engagement between central portion 72 and 
body 6, thus reducing the likelihood of fastening means 
72 rotating relative to body 6. While rectangular cutout 
portions are illustrated in Fig. 10, it will also be appreci- 
ated that other cross-sections (including crescent, 
round, triangular, etc.) are also within the scope of the 
present invention. Furthermore, notched central portion 
75 may be used in combination with body 54 of Figs. 
4-6, or in combination with body 63 of Figs. 7-9. 
[0047] Another example of body engaging means is 
seen in Figs. 1 3-1 5. More particularly, there is shown an 
anchor 81 which comprises a body 6, attachment means 
9 and fastening means 84. Body 6 and attachment 
means 9 are substantially identical to the body 6 and 
attachment means 9 described above in connection with 
the anchor 3 shown in Figs. 1-3. Fastening means 84 
have a flattened central portion 87. Flattened central 
portion 87 has a rectangular cross-section, is preferably 
round, and includes a centrally positioned through-hole 
90. It will be appreciated, of course, that various other 



shapes and cross-sections are also within the scope of 
the present invention. 

[0048] Flattened central portion 87 is positioned such 
that bone-engaging means 45 may extend proximally 

5 outward in the same manner as disclosed previously in 
connection with the discussion of fastening means 12. 
Flattened central portion 87 and through-hole 90 in- 
crease the mechanical interaction between central por- 
tion 87 and the material comprising body 6. Central por- 

10 tion 87 further includes indented portions 93 circumfer- 
entially positioned on the edges of central portion 87 so 
as to further fixedly engage the material of body 6. 
Again, alternative body 54 of Figs. 4-6, the alternative 
positioning of the attachment means 9 of Figs. 7-9, and/ 

^5 or the alternative bone-engaging means of the sort that 
are disclosed hereinafter would be equally appropriate 
in combination with fastening means 84. 
[0049] It will also be appreciated that other modifica- 
tions to the central portion of the fastening means are 

20 possible so as to prevent rotation of the fastening means 
and to minimize any stresses transferred to the anchor 
body during bone engagement. By way of example, and 
turning now to Figs. 1 6-18, there is shown an anchor 96 
comprising a body 6, attachment means 9 and fastening 

25 means 99. Body 6 and attachment means 9 are sub- 
stantially identical to the body 6 and attachment means 
9 described above in connection with the anchor 3 
shown in Figs. 1-3. Fastening means 99 comprise a cen- 
tral portion 1 02 and bone-engaging means 45, arranged 

30 in the same manner as disclosed previously in connec- 
tion with the discussion of fastening means 12, except 
that central portion 1 02 is formed with a smaller radiused 
curve so as to project slightly further into distal portion 
18. Thus, central portion 102 helps to impede rotation 

35 of fastening means 99 by mechanically engaging distal 
portion 1 8 of body 6. 

[0050] Bone-engaging means 45 extend radially out- 
wardly from each side of central portion 102, and nor- 
mally project axially rearward relative to the anchor's 

40 distal portion 1 8. Bone-engaging means 45 may or may 
not have an outwardly curving end portion 48 as dis- 
closed previously in connection with bone-engaging 
means 45 as shown in Figs. 1-3. It will be understood 
that notched central portion 75 of Figs. 10-12, the alter- 

45 native body 54 of Figs. 4-6, and/or the alternative loca- 
tion of attachment means 9 as shown in Figs. 7-9 may 
all be used in conjunction with fastening means 99. 
[0051] Thecentral portion of thefastening means may 
be extended even further into distal portion 1 8 as an ob- 

50 stacle to rotation of the fastening means. 

[0052] More specifically, and looking now at Figs. 
1 9-21 , there is shown an anchor 1 05 comprising a body 
6, attachment means 9, and fastening means 1 08. Body 
6 and attachment means 9 are substantially identical to 

55 the body 6 and attachment means 9 described above in 
connection with the anchor 3 shown in Figs 1 -3. Fasten- 
ing means 1 08 have a linearly-projecting central portion 
1 1 1 formed such that it projects from the anchor body's 
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distal portion 18 proximally outward toward the distal 
ends 114 of bone-engaging nneans 45. It is also to be 
appreciated that while fastening means 1 08 are shown 
in conjunction with body 6 in Figs. 19-21, fastening 
means 1 08 could also be combined with the alternative 
body 54 of Figs. 4-6 or the alternative body 63 of Figs. 
7-9, etc. 

[0053] Linearly-projecting central portion 111 com- 
prises a generally "V" -shaped projection formed in a 
similar manner to the central portion 1 02 disclosed pre- 
viously in connection with the anchor 96 shown in Figs. 
1 6-1 8, except that it has a very small radiused curve at 
its apex 117. Apex 117 is positioned within body 6 so 
that the linearly-projecting central portion 111 extends 
proximally therefrom so as to meet the distal ends 114 
of bone-engaging means 45. By projecting from distal 
portion 18 of body 6, linearly-projecting central portion 
111 provides rotational stability to fastening means 108 
during insertion of the anchor into a bone hole or bone 
tunnel. Bone-engaging means 45 may comprise any of 
the designs previously disclosed, e.g. that shown in 
Figs. 1-3 or Figs. 16-18. 

[0054] Furthermore, as seen in Figs. 21A-21C, line- 
arly-projecting central portion 111 may be twisted about 
the anchor's longitudinal axis so as to form a twisted lin- 
early-projecting central portion 111 A in an anchor 105A. 
Twisted linearly-projecting central portion 111 A helps 
provide additional mechanical engagement between 
fastening means 108A and body 6. 
[0055] A further alternative embodiment for the cen- 
tral portion of the fastening means is shown in Figs. 
22-24. More particularly, there is shown an anchor 120 
comprising a body 6, attachment means 9 and fastening 
means 123. Body 6 and attachment means 9 are sub- 
stantially identical to the body 6 and attachment means 
9 described above in connection with the anchor 3 
shown in Figs. 1-3. Fastening means 123 comprise a 
split beam construction. Again, while fastening means 
123 are shown in conjunction with body 6 in Figs. 22-24, 
fastening means 123 could also be combined with the 
alternative body 54 of Figs. 4-6, the alternative body 63 
of Figs. 7-9, etc. 

[0056] Split beam fastening means 123 comprise a 

bar of pseudoelastic material that has been split longi- 
tudinally along a portion of its length, and then spread 
apart to form a pair of cantilevered bone-engaging 
means 45, substantially identical to those previously dis- 
cussed. The linearly-projecting rectangular central por- 
tion 126 of fastening means 123, formed by the unsplit 
end of the bar, projects into distal portion 18 of body 6 
from the distal ends 114 of bone-engaging means 45. 
Linearly-projecting rectangular central portion 126 ex- 
tends into distal portion 1 8 so as to provide added rota- 
tional stability to fastening means 45. 
[0057] Although a rectangular split beam construction 
is shown in Figs. 22-24, other cross-sections such as 
circular or elliptical also may be employed. Thus, for ex- 
ample, and looking now at Figs. 25-27, an anchor 129 



is shown. Anchor 129 comprises a body 6, attachment 
means 9 and fastening means 132. Body 6 and attach- 
ment means 9 are substantially identical to the body 6 
and attachments means 9 described above in connec- 

5 tion with the anchor 3 shown in Figs. 1-3. Fastening 
means 132 are formed by splitting a tube of generally 
pseudoelastic metal alloy longitudinally along a portion 
of its length and diametrically across its width. It is to be 
appreciated that while fastening means 132 is shown in 

10 conjunction with body 6 in Figs. 25-27, fastening means 
132 could also be combined with the alternative body 
54 of Figs. 4-6 orthe alternative body 63 of Figs. 7-9, etc. 
[0058] Fastening means 1 32 comprise a linearly-pro- 
jecting tubular central portion 135 and a pair of bone- 

15 engagingmeans 138. Linearly-projectingtubular central 
portion 135 extends into the body's distal portion 1 8. Ad- 
vantageously, tubular central portion 135 may be filled 
with the material comprising body 6 during fabrication 
of the anchor. Thus filled with polymeric or bioabsorba- 

20 ble material, tubular central portion 135 further acts as 
a stabilizer, preventing unwanted rotation of fastening 
means 132. Bone-engaging means 138 of fastening 
means 132 comprise arcuate cross-sections, as seen 
in Figs. 26 and 27. 

25 [0059] It is also to be appreciated that the fastening 
means of the present invention can be formed out of 
separate constituent parts connected together during 
assembly. 

[0060] Thus, for example, in Figs. 28-30 an anchor 

30 141 is shown which comprises a body 6, attachment 
means 9, and fastening means 1 44. Body 6 and attach- 
ment means 9 are substantially identical to the body 6 
and attachment means 9 described above in connection 
with the anchor 3 shown in Figs. 1-3. Fastening means 

35 144 comprise two separate elongate elastic members 
147 and 150 which have been joined together at one 
end so as to form a composite linearly-projecting central 
portion 153 (Fig. 28). Linearly-projecting central portion 
1 53 is similar in all other respects to central portion 1 26 

40 shown in Fig. 22. Elastic members 147 and 150 extend 
proximally outward from linearly-projecting central por- 
tion 1 53 so as to form bone-engaging means 45. Elastic 
members 1 47 and 1 50 are twisted together along a por- 
tion of their length so as to form the composite central 

45 portion 153. In all other respects, fastening means 144 
is comparable in performance to split bar fastening 
means 123 shown in Figs. 22-24. It is also to be appre- 
ciated that while fastening means 144 are shown in con- 
junction with body 6 in Figs. 28-30, fastening means 1 44 

50 could also be combined with body 54 of Figs. 4-6 or body 
63 of Figs. 7-9, etc. 

[0061] In another example of multi-part fastening 

means, an anchor 156 is shown in Figs. 31-35. Anchor 
156 comprises a body 6, attachment means 159 and 
55 fastening means 162. Body 6 is substantially identical 
to the body 6 described above in connection with the 
anchor 3 shown in Figs. 1-3. Attachment means 159 
preferably comprise a bore 163 extending transversely 
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through body 6. A pair of longitudinally-extending chan- 
nels 165 extend proxinnally therefronn, to provide a pas- 
sageway for receiving a suture passing through bore 
1 63 and permitting it to move relative to body 6 after 
deployment of the anchor in bone, in the manner previ- 
ously discussed above. Fastening means 1 62 comprise 
a central portion 168 and a pair of curved barbs 171. 
Central portion 168 in turn comprises a separate pair of 
crimpable ferrules 174 adapted to receive the distal 
ends of curved barbs 171. Curved barbs 171 are posi- 
tioned in each ferrule 174 such that curved barbs 171 
curve outwardly relative to the center line of each ferrule 
1 74 (Figs. 1 and 34). Each barb 1 71 is curved in its un- 
stressed state. 

[0062] Central portion 168, with outwardly curved 
barbs 171 inserted therein, is crimped so that curved 
barbs 1 71 are clamped in central portion 1 68. Thus, mul- 
ti-partfastening means 1 62 is formed having the desired 
bone-engaging means extending outwardly from central 
portion 168. Central portion 168 is positioned within 
body 6. 

[0063] It will be appreciated that 3, 4 or even more 

cantilevered barbs 171 may be attached to a suitably 
adapted central portion 168 to provide the desired 
number of bone-engaging means. Similarly, crimpable 
ferrules 174 of central portion 168 may be disposed at 
an angle relative to the longitudinal axis of central por- 
tion 1 68, so that straight barbs may be crimped to central 
portion 168 and still extend outwardly therefrom in the 
manner disclosed in Figs. 13-15, 16-18, 19-21, 22-24, 
and/or 28-30. Furthermore, it is also to be appreciated 
that while fastening means 1 62 are shown in conjunc- 
tion with a body 6 in Figs. 31-35, fastening means 1 62 
could also be combined with body 54 of Figs. 4-6 or body 
63 of Figs. 7-9, etc. 

[0064] It will also be appreciated that the novel fas- 
tening means of the present invention may comprise 
more complex shapes. More particularly, and turning 
now to Figs. 36-38, an anchor 177 is shown which com- 
prises a body 6, attachment means 180 and fastening 
means 1 83. Body 6 is substantially identical to the body 
6 described above in connection with the anchor 3 
shown in Figs. 1-3. Attachment means 180 preferably 
comprise a bore 186 extending transversely through 
body 6. A pair of longitudinally-extending channels 1 89 
extend proximally therefrom, to provide a passageway 
for receiving a suture passing through bore 1 86 and per- 
mitting it to move relative to body 6 after deployment of 
the anchor in bone, in the manner previously described 
above. 

[0065] Fastening means 183 fomn a single turn coil 
spring. Single turn coil spring 183 comprises a central 
portion 192 and a pair of bone-engaging means 45 
formed integral therewith. Single turn central portion 1 92 
is positioned such that it projects into distal portion 18 
of body 6. Single turn central portion 192 is disposed 
around bore 1 86 of attachment means 1 80. It is also to 
be appreciated that while fastening means 183 are 



shown in conjunction with a body 6 in Figs. 36-38, fas- 
tening means 1 83 could also be combined with body 54 
of Figs. 4-6 or body 63 of Figs. 7-9, etc. 
[0066] Still another anchor 195 is disclosed in Figs. 

5 39-41. Anchor 195 comprises a body 198, attachment 
means 201 and fastening means 204. As seen in Fig. 
39, body 198 comprises a distal portion 207 similar to 
distal portion 1 8 shown in Fig. 1 , a proximal portion 21 0 
similarto proximal portion 24 shown in Fig . 1 , and a mid- 

10 die portion 213. Middle portion 213 further comprises an 
open cavity 216 in which compound spring fastening 
means 204 are positioned and allowed to float freely. 
Body 198 may be manufactured by fabricating distal 
portion 207 separately from middle and proximal por- 

^5 tions 213 and 21 0. To assemble anchor 1 95, compound 
spring fastening means 204 is first inserted into middle 
portion 213, and then distal portion 207 is attached to 
middle portion 213 by various means such as bonding 
or ultrasonic welding. For example, with the anchor 1 95 

20 shown in Fig. 39, distal portion 207 has been attached 
to middle portion 213 along the parting line 217. 
[0067] Compound spring fastening means 204 com- 
prise two longitudinally-extending elastic beams 219 
that extend from central portion 222. Central portion 222 

25 is located adjacent attachment means 201 in proximal 
portion 21 0 (Fig. 39). Each elastic beam 21 9 fixedly en- 
gages bone-engaging means 225 at intermediate por- 
tions 228. Bone-engaging means 225 extend outwardly 
from intermediate portions 228 in the same manner as 

30 disclosed previously in connection with the discussion 
of fastening means 12 or 84. 

[0068] In operation, bone-engaging means 225 en- 
gage the outer edge of a bone hole (not shown) along 
a portion of their length. As this occurs, longitudinally- 

35 extending elastic beams 219 deflect inwardly, thus al- 
lowing bone-engaging means 225 to move inwardly in 
response to interaction with the bone hole. When longi- 
tudinally-extending elastic beams 21 9 deflect, however, 
bone engaging means 225 do not deflect relative to in- 

40 termediate portions 228. Once longitudinally-extending 
elastic beams 21 9 deflect to the point where intermedi- 
ate portions 228 engage each other within open cavity 
21 6, bone-engaging means 225 begin to deflect with re- 
spect to intermediate portions 228 in response to inter- 

45 action of the anchor with the bone hole. Compound 
spring fastening means 204 deflect in such a manner as 
to maintain a fully elastic deformation of the material. 
Central portion 222 loops around attachment means 
201 , thus providing added support for a suture passing 

50 therethrough. 

[0069] It is also possible to place two identical fasten- 
ing means in body 6 of Figs. 1-3, body 54 of Figs. 4-6 
or body 63 of Figs. 7-9 so as to increase the anchor's 
engagement with the target bone. As seen in Figs. 

55 42-44, an anchor 231 is shown which comprises a body 
6, attachment means 9 and fastening means 12A and 
12B. Body 6 and attachment means 9 are substantially 
identical to the body 6 and attachment means 9 de- 
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scribed above in connection witli the anchor 3 shown in 
Figs. 1 -3. Fastening means 1 2A and 1 2B are each sub- 
stantially identical to the fastening means shown in Figs. 
1-3. Fastening means 12A and 12B are placed along 
the longitudinal axis 15 of body 6, their central portions 
being rotated 90^ with respect to one another. Bone-en- 
gaging means 45A and 45B of elastic members 1 2A and 
1 2B extend in equally circumferential ly-spaced relation- 
ship to one another. It will be appreciated that notched 
central portion 78 of Figs. 10-12 may also be incorpo- 
rated in fastening means 1 2A or 1 2B, as well as the var- 
ious bone-engaging means embodiments heretofore 
disclosed in Figs. 13-15, 16-18, 19-21, 22-24, 25-27, 
28-30 and 36-38. 

[0070] Figs. 45-47 disclose a non-preferred, but 
nonetheless fully operative, embodiment of the present 
invention. Anchor 234 comprises a body 237 having a 
distal portion 240, a proximal portion 243, and a middle 
portion 246 extending therebetween. Attachment 
means 249 are positioned in body 237 so as to function 
as previously disclosed above in connection with attach- 
ment means 9. Straight fastening means 252 are fixedly 
positioned within body 237. Straight fastening means 
252 include a central portion 255 extending diametrical- 
ly through body 237 and include bone-engaging means 
258 extending from both sides thereof. 
[0071] The various novel anchoring devices disclosed 
above may be inserted into a bone hole using various 
insertion tools of the sort well known in the art. By way 
of example, an insertion tool such as that disclosed in 
the above-identified U.S. Patent No. 5,217,486 can be 
utilized to deploy an anchor formed in accordance with 
the present invention. For example, the installation tool 
shown in Figs. 48-55 may be used to apply the anchor- 
ing devices of the present invention. 
[0072] More specifically, an installation tool 402 is dis- 
closed which includes an elongated shaft 404 and a tu- 
bular sleeve 406. Shaft 404 is preferably formed from 
metal such as stainless steel, and sleeve 406 is prefer- 
ably formed from a polymeric, bio-compatible plastic 
material. 

[0073] Shaft 404 comprises a distal end portion 408 
having a first relatively small diameter, an intermediate 
portion 410 having a second relatively intermediate di- 
ameter, and a proximal end portion 412 having a third 
relatively large diameter. A first shoulder 414 is formed 
where distal portion 408 meets intermediate portion 
41 0, and a second shoulder 41 6 is formed where inter- 
mediate portion 410 meets proximal portion 412. Shaft 
404 terminates in a distal end surface 41 7. A handle 41 8 
is attached to shaft 404 adjacent to its proximal end 41 2. 
Handle 41 8 may be generally rectangular in shape and 
includes suture-receiving slots 420 adapted to hold, 
through frictional engagement, a suture extending from 
a suture anchor mounted to tool 402. 
[0074] A circumferential groove 422 is formed in the 
outer surface of intermediate portion 41 0 approximately 
midway along its length. In the drawings, groove 422 



extends all the way around the circumference of inter- 
mediate portion 41 0, however, groove 422 may also be 
formed as a series of separate, circumferentially-ex- 
tendlng groove arcs separated by lands, or as a series 
5 of discrete, circumferential ly-spaced indentations, if de- 
sired. 

[0075] Tubular sleeve 406 has a distal end 424, a 
proximal end 426, and an outer diameter substantially 
equal to the diameter of the shaft's proximal portion 41 2 . 

10 A central bore 428 passes through sleeve 406. A coun- 
terbore 430 is formed at the distal end of sleeve 406. 
Counterbore 430 intersects bore 428 at a shoulder 432. 
A nb 434 extends radially into bore 428 adjacent the 
proximal end of the sleeve. Rib 434 defines a diametrical 

15 opening 436 which is smaller than the internal diameter 
of bore 428. In the event that shaft groove 422 is broken 
up into discrete arcs or indentations, nb 434 is corre- 
spondingly broken. 

[0076] A plurality of circumferentially-spaced, longitu- 
de dinally-extending slots 438, 440, 442, and 444 extend 
through the side wall of sleeve 406, opening on distal 
end 424 and extending proximally therefrom. The pur- 
pose of these slots is to accommodate the suture an- 
chor's bone-engaging means and suture, both of which 
25 extend outwardly from the anchor body when the anchor 
is mounted partially within tubular sleeve 406, as will 
hereinafter be described in further detail. Accordingly, 
in the embodiment shown, the anchor's bone-engaging 
means can be received by slots 440 and 444 and/or 
30 slots 438 and 442, depending on the particular construc- 
tion of the bone anchor, and the portions of suture ex- 
tending outwardly from the anchor's attachment means 
can be received by slots 440 and 444 and/or slots 438 
and 442, depending on the particular construction of the 
35 bone anchor. The anchor's bone-engaging means, and 
slots 438 and 442 are provided to receive the portions 
of suture extending outwardly from the anchor's attach- 
ment means. It will, of course, also be understood that 
the number and arrangement of the slots 438, 440, 442 
40 and 444 may be varied according to the specific config- 
uration of the anchor, i.e., if there are a plurality of bone- 
engaging means on the anchor, more slots can be pro- 
vided to accommodate them, and if the object attached 
to the anchor's attachment means requires it, the size 
45 and number of the slots can be adjusted to accommo- 
date the portions of the object attached to the attach- 
ment means. In the following example, the exemplary 
bone anchor will comprise two bone-engaging means 
which will be received in slots 440 and 444, and two 
50 lengths of suture which will be received in slots 438 and 
442. 

[0077] Tubular sleeve 406 is sized so that Its central 

bore 428 has an inside diameter just slightly largerthan 
the outside diameter of the shaft's intermediate portion 
55 41 0, but smaller than the outside diameter of the suture 
anchor's body; its counterbore 430 has an inside diam- 
eter just slightly larger than the outside diameter of the 
suture anchor's body; and its rib 434 has a diametrical 



10 



19 



EP 0 668 055 B1 



20 



opening 436 slightly less than the outside diameter of 
the shaft's internnediate portion 410 but slightly larger 
than the circle enscribing the floor of shaft groove 422. 
[0078] In view of this construction, sleeve 406 may be 
telescoped onto the shaft's intermediate portion 41 0 so 5 
that the sleeve's rib 434 makes a tight sliding fit with the 
outside diameter of the shaft's intermediate portion 41 0, 
with the sleeve being movable between first and second 
operative positions. In the first of these positions, i.e., 
that shown in Figs. 51 and 52, rib 434 resides in the io 
shaft's groove 422 so as to yieldably lock sleeve 406 to 
shaft 404. In the second of these positions, i.e., that 
shown in Fig. 53, the proximal end 426 of the sleeve 406 
engages the shoulder 41 6 formed at the intersection of 
internnediate portion 410 and proximal portion 412. 15 
Shaft 404 and sleeve 406 are sized so that when sleeve 
406 is disposed in its first position so that its rib 434 re- 
sides in shaft groove 422, the distal end surface 41 7 of 
shaft 404 will terminate short of sleeve shoulder 432 
(Fig. 51 ), but when sleeve 406 is disposed in its second 20 
position so that its proximal end 426 engages shaft 
shoulder 416, distal end surface 417 of shaft 404 will 
project outward from the distal end of sleeve 406 (Fig. 
53). 

[0079] It is also to be appreciated that shaft 404 and 25 
tubular sleeve 406 are sized relative to one another so 

that sleeve 406 can rotate circumferentially about shaft 
404 when sleeve 406 is in either of its first and second 
operative positions, or at any position therebetween. 
[0080] It is to be appreciated that when sleeve 406 is 30 
in the position shown in Figs. 51 and 52 , i.e., so that 
sleeve rib 434 is disposed in shaft groove 422, an an- 
chor may be disposed in sleeve 406 so that the proximal 
end surface of the anchor engages and is stopped by 
sleeve shoulder 432 and so that the distal end of the 35 
anchor body projects out of the distal end of sleeve 406. 
Sleeve slots 438, 440, 442, and 444 are sized sufficient- 
ly long so that when an anchor body is disposed in 
sleeve 406 and has its proximal end engages sleeve 
shoulder 432, the anchors' bone-engaging means and 40 
suture need not engage the proximal ends of slots 438, 
440, 442, and 444. 

[0081] Installation tool 402 is used as follows. 

[0082] First, the tool has its sleeve 406 placed in its 
aforementioned first position, i.e., so that it is in the po- ^5 
sition shown in Fig. 51 wherein the sleeve's rib 434 is 
positioned in the shaft's groove 422. Then a suture an- 
chor 502 having bone-engaging means 504 and a su- 
ture 506 is loaded into the distal end of tubular sleeve 
406 so that the distal end of the anchor engages sleeve so 
shoulder 432, and so that bone-engaging means 504 
reside In two diametrically opposed sleeve slots (e.g. 
sleeve slots 440, 444) and the suture lengths 506 ema- 
nating from the anchor reside in the remaining two dia- 
metrically-opposed sleeve slots (e.g. sleeve slots 438, 55 
442), with bone-engaging means 504 and the suture 
lengths 506 not necessarily engaging the proximal ends 
of slots 438, 440, 442, and 444. It will be appreciated 



that when the system components are in the foregoing 
positions, the shaft's distal end surface 417 will termi- 
nate short of the anchor's proximal end surface, and the 
distal portion of the anchor body will extend outthe distal 
end of tool 402. See Fig. 51 . Preferably the free ends of 
the suture are wrapped into handle slots 420 under 
slight tension so as to keep the suture ends under con- 
trol and so as to help hold the anchor body to the distal 
end of tubular member 406. 

[0083] Next, tool 402 is manipulated so as to bring the 
distal portion of the anchor body into the top of the hole 
602 formed in workpiece 604. As noted above, the 
cross-section of the anchor's body will be only slightly 
smaller than the diameter of hole 602. Accordingly, in 
this position the distal end 424 of tubular sleeve 406 will 
bear against the workpiece's top surface 606 which sur- 
rounds the anchor-receiving hole 602. See Fig. 52. 
[0084] From this position the anchor body may be 
driven into hole 602 so as to achieve its desired anchor- 
ing location within the bone. This is accomplished by 
driving shaft handle 418 downward, until shaft groove 
422 moves past sleeve rib 434. Shaft 404 continues 
moving downward until shoulder 416 of shaft 404 en- 
gages the sleeve's proximal end 426. This action causes 
the distal end surface 417 of shaft 404 to engage the 
proximal end of the anchor body and drive it downward 
into bone hole 602. See Fig. 53. As this deployment ac- 
tion occurs, the anchor's bone-engaging means 504 en- 
gage the portions of bone 604 which define hole 602 
and, due to this engagement, are forced inwardly to the 
extent requiredto permit the suture anchorto pass down 
the bone hole. At the same time, of course, the resilient 
nature of bone-engaging means 504 causes them to 
springly engage the surrounding bone and thereby 
cause the suture anchor to be locked to the interior of 
the bone. Then the proximal ends of suture 506 are re- 
leased from tool handle 418 and tool 402 is withdrawn 
from the workpiece, leaving the anchor emplaced in 
bone 604 and the suture lengths emanating therefrom. 
[0085] It is to be appreciated that with the installation 
tool of Figs. 48-55, only the reduced diameter distal por- 
tion 408 of the shaft actually enters the bone hole. The 
larger diameter intermediate portion 410 and, even 
more importantly, the anchor engaging and supporting 
distal end 424 of hollow sleeve 406 remain outside the 
bone hole at all times. Thus it will be appreciated that 
bone hole 602 can be sized according to the dimensions 
of the bone anchor being used, and need not be formed 
large enough to accommodate the anchor and the en- 
gaging and supporting portions of the installation tool as 
well. 

[0086] It is also to be appreciated that inasmuch as 

tubular sleeve 406 is free to rotate circumferentially 
about shaft 404 when it is in either of its first and second 
positions, or at any position therebetween, rotational 
torque imparted to shaft 404 during insertion will not 
tend to be imparted to the anchor, This is because any 
rotational torque imparted to handle 41 8 during insertion 
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will tend to be isolated from the anchor by the rotatable 
nature of sleeve 406. Thus, any inadvertent rotation of 
handle 41 8 during insertion will not tend to cause unde- 
sired dannage to bone 604 or the anchor's body during 
insertion. 

[0087] Looking next at Figs. 54 and 55, there is shown 
an alternative form of shaft 404A which may be used in 
place of the shaft 404 which has been disclosed in con- 
nection with the installation tool of Figs. 48-53. Shaft 
404A is identical to shaft 404, except that the groove 
422 of shaft 404 has been replaced by generally equiv- 
alent rib-engaging means 422A on shaft 404A. More 
particularly, rib-engaging means 422A comprise a first 
generally frusto-conical enlargement 460 formed on 
shaft 41 OA at the distal side of rib-engaging means 
422A, and a second generally frusto-conical enlarge- 
ment 462 formed on shaft 41 OA at the proximal side of 
rib-engaging means 422A, In this shaft embodiment, the 
diameter of shaft 41 OA is constant along its length (ex- 
cept for the frusto-conical enlargements 460 and 462) 
and equal to the diameter of the previous shaft 410. 
Frusto-conical enlargements 460 and 462 act as a sort 
of rib-trapping detent along shaft 41 OA. 
[0088] More particularly, frusto-conical enlargement 
460 comprises a sloping distal surface 464 and a radial 
stopping surface 466, and frusto-conical enlargement 
462 comprises a sloping distal surface 467 and a radial 
stopping surface 468. Radial stopping surfaces 466 and 
468 have a larger outside diameter than rib 434 has in 
inside opening 436. On account of this construction, it 
will be seen that a sleeve 406 may be loaded onto shaft 
404A by moving the sleeve rearward until its rib 434 en- 
gages distal sloping surface 464 and slips past it. At this 
point the sleeve's rib is releasably captured between the 
radial stopping surface 466 of the distal frusto-conical 
enlargement 460 and the sloping distal surface 467 of 
the proximal frusto-conical enlargement 462, so that the 
sleeve is releasably captured in its aforementioned first 
position. This is equivalent to the sleeve's rib being re- 
leasably captured in the groove 422 of shaft 404. When 
the sleeve 406 is to thereafter shift to its aforementioned 
second position, so that rib 434 leaves rib-engaging 
means 422A and the sleeve's proximal end 426 engag- 
es shaft shoulder 41 6, rib 434 slips past the inclined sur- 
face 467. 

[0089] By forming the proximal frusto-conical enlarge- 
ment 462 so that its outside diameter at radial stopping 
surface 468 is only slightly larger than the diameter of 
shaft 4 1 0A, it will be possible for sleeve 406 to pass from 
its aforementioned first position to its aforementioned 
second position with relatively little effort, yet sufficient 
resistance will still be offered to the passage of sleeve 
406 along shaft 404A so as to permit a suture anchor to 
be conveniently loaded into sleeve 406 and carried by 
thesleevepriorto deployment. In addition, it will be seen 
that by forming the proximal frusto-conical enlargement 
462 so that its outside diameter is only a little largerthan 
the diameter of shaft 41 OA, the sleeve's rib 434 can also 



be moved distally down the shaft past radial stopping 
surface 468 if desired, albeit with somewhat greater ef- 
fort than is required to pass rib 434 by inclined surface 
467. At the same time, it is preferred to form the distal 

5 f rusto-con ical enlargement 460 so that its outside diam- 
eter at radial stopping surface 466 is significantly larger 
than the diameter of shaft 41 OA, so that it is relatively 
difficult for rib 434 of sleeve 406 to move distally down 
the shaft past radial stopping surface 466. While this 

10 construction also tends to make it somewhat more diffi- 
cult to move sleeve rib 434 past enlargement 460 during 
assembly of the anchor installation tool, in some circum- 
stances this inconvenience may be acceptable so as to 
ensure that there is little likelihood that sleeve 406 can 

15 become disengaged from shaft 404A during use. 

[0090] Still other variations, modifications, altera- 
tions, changes and the like will occur to those skilled in 
the art in light of the foregoing description of the pre- 
ferred embodiments of the invention. 

20 [0091] Thus, for example, it will be understood that 
anchor body 6 shown in Figs. 1 -3 may be provided with 
an additional coupling extending from its proximal end 
surface 27, where the additional coupling member has 
aslightly smaller diameterthan proximal portion 24. This 

25 coupling member can be received in an insertion tool of 
the type disclosed in the documents US-A-4, 968, 315 
and US-A-5, 207, 674. 



1. Anchor for attaching an object to a bone having a 
hole formed therein, said anchor (3) comprising: 



35 a body (6), attachment means (9) for attaching 

said object to said body (6), and fastening 
means (12) for fastening said anchor (6) within 
said bone hole; 

said body (6) having a longitudinal axis (1 5) and 
40 a maximum cross-section transverse to said 

longitudinal axis (15) smaller than the trans- 
verse cross-section of said hole in said bone; 
said attachment means (9) comprising an 
opening in said body (6); and 
45 said fastening means (12) including a plurality 

of bone-engaging means (45) such that when 
said anchor (3) is inserted into said bone hole, 
said plurality of bone-engaging means (45) will 
engage said bone, with said plurality of bone- 
50 engaging means (45) being formed so as to 

pemnit said anchor (3) to be inserted into said 
hole distal end first and adapted to resist with- 
drawal of said anchor (3) from said hole proxi- 
mal end first; 

55 

characterised in tiiat 

said fastening means (1 2) comprises a central por- 
tion (42) which is fixedly positioned within said body 
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(6), and said bone-engaging means (45) extend 
outwardly fronn said central portion (42). 

2. Anchor according to claim 1 wherein said fastening 
means (1 2) comprise a curved central portion (42) 5 
and bone-engaging means (45) comprising at least 
two elongate beams extending outwardly from said 
curved central portion (42). 

3. Anchor according to claim 2 wherein said at least io 
two elongate beams comprise a distal end and a 
proximal end (48), and further wherein said proxi- 
mal end (48) is curved outwardly relative to said 
body (6). 

15 

4. Anchor according to claim 2 comprising at least two 
fastening means. 

5. Anchor according to any of the preceding claims 
wherein said fastening means (12) comprise a 
pseudoelastic shape memory alloy. 

6. Anchor according to any of the preceding claims 
wherein said body (6) comprises a bioabsorbable 
material. 25 

7. Anchor according to any of the preceding claims 
wherein said body (6) comprises a moldable poly- 
mer. 

30 

8. Anchor according to claim 1 wherein said body (6) 
comprises a distal portion (1 8) having a conical dis- 
tal end surface (21), a proximal portion (24) having 
a proximal end surface (27), and a middle portion 
(30) extending from said distal portion (30) to said 35 
proximal portion (24), said body (6) further compris- 
ing at least two longitudinally-extending channels 
(33), said channels extending to said proximal end 
surface (27), and further wherein said fastening 
means (12) comprise a curved central portion (42) 40 
and said bone-engaging means (45) comprising at 
least two elongate beams extending outwardly from 
said curved central portion (42). 

9. Anchor according to claim 8 wherein said at least ^5 
two elongate beams comprise a distal end and a 
proximal end (48), and further wherein said proxi- 
mal end (48) is curved outwardly relative to said 
body. 

50 

10. Anchor (105) according to claim 9 wherein said cen- 
tral portion (111) linearly projects into said distal por- 
tion (18) of said body (6) such that said fastening 
means (12) resists movement relative to said body 

(6). 55 

1 1 . Anchor according to claim 9 comprising at least two 
fastening means. 



12. Anchor according to claim 9 wherein said fastening 
means (72) comprise body-engaging means for re- 
sisting movement of said central portion relative to 
said body. 

13. Anchor (105A) according to claim 10 wherein said 
central portion (111) has been twisted about its lon- 
gitudinal axis (15). 

14. Anchor (69) according to claim 12 wherein said 
body-engaging means comprise cut-out portions 
(78) disposed on said central portion (75) such that 
said central portion (75) of said fastening means 
(72) resists movement relative to said body (6). 

15. Anchor (81) according to claim 12 wherein said 
body-engaging means comprise a flattened central 
portion (87) having at least one opening (90) ex- 
tending therethrough. 

16. Anchor (81) according to claim 15 wherein said flat- 
tened central portion (87) further includes at least 
one indented portion (93). 

17. Anchor according to any of claims 12-16 wherein 
said fastening means (72) comprise a psendoelas- 
tic shape memory alloy. 

18. Anchor according to any of claims 12-17 wherein 
said body (6) comprises a bioabsorbable material. 

19. Anchor according to any of claims 12-18 wherein 
said body comprises a moldable polymer. 

20. Anchor (51) according to claim 1 wherein said body 
(54) comprises a distal portion (1 8) having a conical 
end surface, a proximal portion (24) having a prox- 
imal end surface (27), and a middle portion (30) ex- 
tending from said distal portion (1 8) to said proximal 
portion (24), said body (54) further comprising at 
least two proximally-extending surfaces (57), said 
surfaces being recessed relative to said distal por- 
tion (18). 

21 . Anchor (51 ) according to claim 20 wherein said fas- 
tening means (1 2) comprise body-engaging means 
(78) for resisting movement of said central portion 

(42) relative to said body (54). 

22. Anchor (51) according to claim 20 wherein said cen- 
tral portion (42) linearly projects into said distal por- 
tion (1 8) of said body (54) such that said fastening 
means (12) resists movement relative to said body 
(54). 

23. Anchor (3) according to claim 1 wherein said body 

(6) comprises a distal portion (1 8) having a conical 
end surface (21) a proximal portion (24) having a 
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proximal end surface (27), and a nniddle portion (30) 
extending fronn said distal portion (1 8) to said prox- 
innal portion (24), said body (6) further comprising 
at least two longitudinally-extending channels (33), 
said channels extending to said proximal end sur- 5 
face (27). 

24. Anchor (3) according to claim 23 wherein said cen- 
tral portion (42) linearly projects into said distal por- 
tion (18) of said body (6) such that said fastening io 
means (12) resists movement relative to said body 

(6). 

25. Anchor (120) according to claim 24 wherein said 
fastening means (123) comprise a bar of pseudoe- ^5 
lastic shape memory alloy, said bar being split lon- 
gitudinally along a portion of its length so as to form 

a pair of elongate beams (45), with said unsplit por- 
tion of said bar comprising said linearly projecting 
central portion (126), and said pair of elongate 20 
beams (45) being adapted to extend proximally out- 
ward of said body (6). 

26. Anchor (129) according to claim 24 wherein said 
fasten ing means (1 32) comprise a tube of pseudoe- 25 
lastic shape memory alloy and having an interior 
surface, said tube being split longitudinally along a 
portion of its length so as to form a pair of elongate 
beams (138), with said unsplit portion of said tube 
comprising said linearly projecting central portion 30 
(135) and having a portion of said distal portion (18) 

in engaging contact with said interior surface, and 
said pair of elongate beams (138) being adapted to 
extend proximally outward of said body (6). 

35 

27. Anchor (141) according to claim 24 wherein said 
fastening means (144) comprise at least two elon- 
gate beams (1 47, 1 50) twisted together along a por- 
tion of their length so as to form said central portion 
(153), said central portion being positioned within 40 
said body (6) so as to linearly project into a distal 
portion thereof; and wherein said bone-engaging 
means (45) comprise the unjoined portions of said 

at least two elongate beams (147, 150) adapted so 
as to extend outwardly from said central portion ^5 
(153) and to extend proximally relative to said distal 
portion of said body (6). 

28. Anchor (156) according to claim 24 wherein said 
central portion (1 68) comprises receiving means for so 
fixedly receiving a plurality of bone-engaging 
means, said plurality of bone-engaging means 
comprising elongate beams (171) adapted so as to 
extend outwardly from said central portion (168) 
and to extend proximally relative to said distal por- 55 
tion (18) of said body (6), and further wherein said 
elongate beams (1 71 ) are curved outwardly relative 

to said body (6). 



29. Anchor (1 56) according to claim 28 wherein said re- 
ceiving means comprise a crimpable ferrule (1 74). 

30. Anchor (177) according to claim 24 wherein said 
fastening means comprise a single turn coil spring 
(1 83) comprising a pseudoelastic shape memory al- 
loy, and further wherein said single turn coil spring 
(1 83) comprises a central portion (1 92) of said fas- 
tening means that linearly projects into a distal por- 
tion of said body (6) and bone-engaging means (45) 
comprising two elongate beams extending proxi- 
mally from said central portion (192) and outwardly 
relative to said body (6). 

31. Anchor (195) according to claim 23 wherein said 
fastening means comprise compound spring 
means (204). 

32. Anchor (3) according to claim 1 wherein said body 
(6) comprises a polymer and pseudoelastic shape 
memory alloy fastening means (12) and further 
wherein said body (6) comprises a distal portion 
(18) having a conical end surface (21), a proximal 
portion (24) having an end surface (27), and a mid- 
dle portion (30) extending from said distal portion 
(1 8) to said proximal portion (24), said body (6) fur- 
ther comprising at least two longitudinally-extend- 
ing channels (33), said channels extending to said 
proximal end surface (27); and said fastening 
means (12) comprise a curved central portion (42) 
fixedly positioned within said body (6) and said 
bone-engaging means (45) extending outwardly 
from said curved central portion (42); and 

each of said plurality of bone-engaging 
means (45) comprise a distal end (48) and a prox- 
imal end, and further wherein said distal end (48) is 
curved outwardly relative to said body (6). 

33. Anchor system comprising: 

an anchor according to any of the preceding claims; 
and insertion means for deploying said anchor in a 
bone hole. 



Patentanspriiche 

1 . Anker zur Befestigung eines Objekts an einem Kno- 

chen mit einer darin eingeformten Ausnehmung, 
wobei der Anl<er (3) folgende Elemente umfaBt: 

Einen Korper (6), ein Verbindungsmittel (9) 
zum Verbinden des Objekts mitdem Korper (6), 
sowie ein Befestigungsmittel (12) zum Festle- 
gen des Ankers (6) in der Ausnehmung des 
Knochens; 

wobei der Korper (6) eine longitudinale Achse 
(15) aufweist sowie einen maximalen Quer- 
schnitt querzu der longitudinalen Achse (15), 
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der kleiner ist als der Querschnitt der Ausneh- 
mung in dem Knochen; 
wobei das Verbindungsmittel (9) als Offnung in 
dem Korper (6) ausgebildet ist; und 
wobei das Befestigungsmittel (12) eine Melnr- 
zahl von in den Knociien eingreifenden Ele- 
nnenten (45) unnfaBt, so dass beim Einsetzen 
des Ankers (3) in die Ausnehmung des Kno- 
cliens die Vielzalil von in den Knoclien eingrei- 
fenden Elementen (45) in den Knoclnen einruk- 
ken, wobei die Vielzalil von in den Knoclien ein- 
greifenden Elementen (45) derart geformt ist, 
dass es dem Anker (3) eriaubt ist, mit seinem 
distalen Ende voraus in die Ausnehmung ein- 
gesetzt zu werden, und dass er geeignet ist, 
sich einem Herausziehen aus der Ausneh- 
mung mit seinem proximalen Endevoranzu wi- 
dersetzen ; 

dadurch gekennzeichnet, dass 

das Befestigungsmittel (12) einen zentralen Be- 
reich (42) umfaBt, der test innerhalb des Korpers 
(6) positioniert ist, wobei sich die Vielzahl von in den 
Knochen eingreifenden Elementen (45) von diesem 
zentralen Bereich (42) nach auBen erstrecken. 

2. Anker nach Anspruch 1, dadurch gekennzeich- 
net, dass das Befestigungsmittel (12) einen ge- 
kriimmten, zentralen Bereich (42) sowie in den 
Knochen eingreifenden Elemente (45) umfaBt, das 
wenigstens zwei langgestreckte Ausleger aufweist, 
die sich von dem gekriimmten Bereich (42) nach 
auBen erstrecken. 

3. Anker nach Anspruch 2, dadurch gekennzeich- 
net, dass die wenigstens zwei langgestreckten 
Ausleger ein distales Ende und ein proximales En- 
de (48) aufweisen, wobei ferner das proximale En- 
de (48) gegenuberdem Korper (6) nach auBen ge- 
bogen ist. 

4. Anker nach Anspruch 2, gekennzeichnet durch 

wenigstens zwei Befestigungsmittel. 

5. Anker nach einem der vorhergehenden Anspriiche, 
dadurch gekennzeichnet, dass die Befestigungs- 
mittel (12) aus einer Legierung mit einem pseu- 
doelastischen Formgedachtnis bestehen. 

6. Anker nach einem der vorhergehenden Anspriiche, 
dadu rch geken nzelchnet, dass der Korper (6) aus 
einem biologisch absorbierbaren Werkstoff be- 
steht. 

7. Anker nach einem der vorhergehenden Anspriiche, 
dadurch gekennzeichnet, dass der Korper (6) aus 
einem verformbaren Polymer besteht. 



8. Anker nach Anspruch 1 , dadurch gekennzeich- 
net, dass der Korper (6) einen distalen Bereich (1 8) 
aufweist mit einer konischen, distalen Stirnflache 
(21), einen proximalen Bereich (24) mit einer proxi- 

5 malen Stirnflache (27), und einen Mittelbereich 
(30), der sich von dem distalen Bereich (18) bis zu 
dem proximalen Bereich (24) erstreckt, wobei der 
Korper (6) weiterhin wenigstens zwei sich longitu- 
dinal erstreckende Kanale (33) umfaBt, welche bis 

10 zu der proximalen Stirnflache (27) reichen, und wo- 
bei ferner das Befestigungsmittel (12) einen ge- 
kriimmten, zentralen Bereich (42) aufweist, und die 
in den Knochen eingreifenden Elemente (45) we- 
nigstens zwei langgestreckte Ausleger aufweisen, 

^5 die sich von dem gekriimmten, zentralen Bereich 
(42) nach auBen erstrecken. 

9. Anker nach Anspruch 8, dadurch gekennzeich- 
net, dass die wenigstens zwei langgestreckten 

20 Ausleger ein distales Ende und ein proximales En- 
de (48) aufweisen, und wobei ferner das proximale 
Ende (48) gegeniiber dem Korper nach auBen ge- 
bogen ist. 

25 10. Anker (105) nach Anspruch 9, dadurch gekenn- 
zeichnet, dass sich der zentrale Bereich (111) in 

linearer Form bis in den distalen Bereich (18) des 
Korpers (6) erstreckt, so dass sich das Befesti- 
gungsmittel (1 2) einer Relativbewegung gegenuber 
30 dem Korper (6) widersetzt. 

11. Anker nach Anspruch 9, gekennzeichnet durch 
wenigstens zwei Befestigungsmittel. 

35 12. Anker nach Anspruch 9, dadurch gekennzeich- 
net, dass das Befestigungsmittel (72) in den Korper 
eingreifende Mittel umfaBt, um einer Bewegung des 
zentralen Bereichs gegeniiber dem Korper zu wi- 
derstehen. 

40 

13. Anker (105A) nach Anspruch 1 0, dadurch gekenn- 
zeichnet, dass der zentrale Bereich (1 1 1 ) um seine 
longitudinale Achse (15) verdrillt ist. 

45 14. Anker (69) nach Anspruch 12, dadurch gekenn- 
zeichnet, dass die in den Korper eingreifenden Mit- 
tel ausgeschnittene Bereiche (78) aufweisen, die 

an dem zentralen Bereich (75) angeordnet sind, so 
dass sich der zentrale Bereich (75) des Befesti- 
50 gungsmittels (72) einer Bewegung gegeniiber dem 
Korper widersetzt. 

15. Anker (81) nach Anspruch 12, dadurch gekenn- 
zeichnet, dass die in den Korper eingreifenden Mit- 
55 tel einen abgeflachten Zentralbereich (87) mit we- 
nigstens einer Offnung (90) umfassen, die sich 
durch jenen erstreckt. 
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16. Anker (81) nach Anspruch 15, dadurch gekenn- 
zeichnet, dass der abgef lachte Zentralbereich (87) 
daruber hinaus wenigstens einen vertieften Bereich 
(93) aufweist. 

5 

17. Anker nach einem der Anspruche 12 bis 16, da- 
durch gekennzeichnet, dass die Befestigungsmit- 
tel (72) aus einer Legierung mit einem pseudoela- 
stischen Formgedachtnis bestehen. 

10 

18. Anker nach einem der Anspruche 12 bis 17, da- 
durch gekennzeichnet, dass der Korper (6) aus 
einem biologisch absorbierbaren Werkstoff be- 
steht. 

15 

19. Anker nach einem der Anspruche 12 bis 18, da- 
durch gekennzeichnet, dass der Korper (6) aus 

einem verformbaren Polymer besteht. 

20. Anker (51) nach Anspruch 1, dadurch gekenn- 20 
zeichnet, dass der Korper (54) einen distalen Be- 
reich (18) aufweist mit einer konischen, distalen 

Stimf lache, einen proximalen Bereich (24) mit einer 
proximalen Stirnflache (27), und einen Mittelberich 
(30), der sich von dem distalen Bereich (18) bis zu 25 
dem proximalen Bereich (24) des Korpers (54) er- 
streckt, wobei der Korper (54) weiterhin wenigstens 
zwei sich longitudinal erstreckende Oberflachen 
(57) umfaBt, welche gegeniiber dem distalen Be- 
reich (18) vertieftsind. 30 

21. Anker (51) nach Anspruch 20, dadurch gekenn- 
zeichnet, dass das Befestigungsmittel (12) in den 
Korper eingreifende Mittel (78) umfaRt, um einer 
Bewegung des zentralen Bereichs (42) gegenuber 35 
dem Korper (54) zu widerstehen. 

22. Anker (51) nach Anspruch 20, dadurch gekenn- 
zeichnet, dass sich der zentrale Bereich (42) in 11- 
nearer Fonri bis in den distalen Bereich (18) des 40 
Korpers (54) erstreckt, so dass sich das Befesti- 
gungsmittel (12) einer Relativbewegung gegenuber 
dem Korper (54) widersetzt. 

23. Anker (3) nach Anspruch 1 , dadurch gekenn- ^5 
zeichnet, dass der Korper (6) einen distalen Be- 
reich (18) aufweist mit einer konischen, distalen 

Stirnflache (21), einen proximalen Bereich (24) mit 
einer proximalen Stirnflache (27), und einen IVIittel- 
bereich (30), dersich von dem distalen Bereich (1 8) so 
biszu dem proximalen Bereich (24) erstreckt, wobei 
der Korper (6) weiterhin wenigstens zwei sich lon- 
gitudinal erstreckende Kanale (33) umfaBt, welche 
bis zu der proximalen Stirnflache (27) reichen. 

55 

24. Anker (3) nach Anspruch 23, dadurch gekenn- 
zeichnet, dass sich der zentrale Bereich (42) in li- 
nearer Fomn bis in den distalen Bereich (18) des 



Korpers (6) erstreckt, so dass sich das Befesti- 
gungsmittel (12) einer Relativbewegung gegenuber 
dem Korper (6) widersetzt. 

25. Anker (120) nach Anspmch 24, dadurch gekenn- 
zeichnet, dass das Befestigungsmittel (123) eine 
Stange aus einer Legierung mit einem pseudoela- 
stischen Formgedachtnis aufweist, wobei die Stan- 
ge in Langsrichtung entlang eines Teils Ihrer Lange 
aufgespalten ist, um ein Paar von langgestreckten 
Armen (45) zu bilden, wobei der nicht geteilte Be- 
reich dieser Stange den sich linear erstreckenden, 
zentralen Bereich (126) umfafBt und das Paar von 
langgestreckten Armen (45) dazu ausersehen ist, 
sich von dem Korper (6) proximal nach auBen zu 
erstrecken. 

26. Anker (129) nach Anspruch 24, dadurch gekenn- 
zeichnet, dass das Befestigungsmittel (132) ein 
Rohr aus einer Legierung mit einem pseudoelasti- 
schen Formgedachtnis und mit einer Innenoberfla- 
che umfaBt, wobei das Rohr in Langsrichtung ent- 
lang eines Teils seiner Lange aufgespalten ist, um 
ein Paar von langgstreckten Armen (138) zu bilden, 
und wobei der ungeteilte Bereich des Rohrs den 
sich linear erstreckenden Zentralbereich (135) bil- 
det sich und mit einem Teil des distalen Bereichs 
(18) in engem Kontakt mit der Innenoberf lache be- 
findet, und wobei das Paar von langgestreckten Ar- 
men (138) dazu ausersehen ist, sich von dem Kor- 
per (6) proximal nach auBen zu erstrecken. 

27. Anker (141) nach Anspmch 24, dadurch gekenn- 
zeichnet, dass das Befestigungsmittel (144) we- 
nigstens zwei langgestreckte Arme (147, 150) auf- 
weist, die entlang eines Teils ihrer Lange zusam- 
mengedrillt sind, um einen zentralen Bereich (153) 
zu bilden, der innerhalb des Korpers (6) positioniert 
wird, um sich linear in einen distalen Bereich des- 
selben zu erstrecken; und wobei die in den Kno- 
chen eingreifenden Elemente (45) die nicht verbun- 
denen Telle der wenigstens zwei langgestreckten 
Arme (147, 150) umfassen, die derart angepaBt 
sind, dass sie sich von dem zentralen Bereich (1 53) 
nach auBen erstrecken, und zwar proximal gegen- 
iiber dem distalen Bereich des Korpers (6). 

28. Anker (156) nach Anspruch 24, dadurch gekenn- 
zeichnet, dass der zentrale Bereich (168) ein Auf- 
nahmemittel zurfixierenden Aufnahme einer Mehr- 
zahl von in den Knochen eingreifenden Elementen 
aufweist, wobei die Vielzahl von in den Knochen 
eingreifenden Elementen langgestreckte Arme 
(168) umfassen, die solchermaBen ausgebildet 
sind, dass sie sich von dem zentralen Bereich (153) 
nach auBen erstrecken, und zwar proximal gegen- 
uber dem distalen Bereich des Korpers (6), und wo- 
bei ferner die langgestreckten Arme (171) gegen- 
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iiber dem Korper (6) nach au3en gebogen sind. 

29. Anker (156) nach Anspruch 28, dadurch gekenn- 
zeichnet, dass das Aufnahmemittel eine Crimp- 
Hulse (174) aufweist. 

30. Anker (177) nach Anspruch 24, dadurch gekenn- 
zeichnet, dass das Befestigungsmittel eine 
Schraubenfeder (183) aus einer Legierung nnit ei- 
nem pseudoelastischen Formgedachtnis und mit 
einer einzigen Windung umfaBt, wobei ferner diese 
Schraubenfeder (183) mit einer einzigen Windung 
einen zentralen Bereich (1 92) des Befestigungsmit- 
tels bildet, das sich linear in den distalen Bereich 
des Korpers (6) erstreckt, scwie in den Knochen 
eingreifende Elemente (45) mit zwei langgestreck- 
ten Armen, die sich proximal von dem zentralen Be- 
reich (1 92) und gegenuber dem Korper (6) nach au- 
Ben erstrecken. 

31. Anker (195) nach Anspruch 23, dadurch gekenn- 
zeichnet, dass das Befestigungsmittel ein Blattfe- 

dermittel (204) aufweist. 

32. Anker (3) nach Anspruch 1, dadurch gekenn- 
zeichnet, dass 

der Korper (6) ein Polymer und ein Befesti- 
gungsmittel (1 2) aus einer Legierung mit einem 
pseudoelastischen Formgedachtnis umfaBt; 
wobei ferner der Korper (6) einen distalen Be- 
reich (1 8) aufweist mit einer konischen Stirnfla- 
che (21), einen proximalen Bereich (24) mit ei- 
ner Stirnflache (27), und einen Mittelbereich 
(30), der sich von dem distalen Bereich (1 8) bis 
zu dem proximalen Bereich (24) erstreckt, wo- 
bei der Korper (6) weiterhin wenigstens zwei 
sich longitudinal erstreckende Kanale (33) um- 
faBt, welche bis zu der proximalen Stirnflache 
(27) reichen; 

und wobei das Befestigungsmittel (12) einen 
gekrummten, zentralen Bereich (42) aufweist, 
der fest innerhalb des Korpers (6) positioniert 
ist, wobei die in den Knochen eingreifenden 
Elemente (45) sich von dem gekrummten Be- 
reich (42) nach auBen erstrecken; und 
wobei jedes der Vielzahl von in den Knochen 
eingreifenden Elemente (45) ein distales Ende 
(48) und ein proximales Ende aufweist, wobei 
ferner das distale Ende (48) gegenuber dem 
Korper (6) nach auBen gebogen ist. 

33. Ankersystem, gekennzeichnet durch: 

einen Anker nach einem der vorhergehenden An- 
spruche; sowie Einsetzmittel zum Aufspreizen des 
Ankers in einer Knochenoffnung. 



Revendications 

1 . Element d'ancrage destine a relier un objet a un os 
a I'interieurduquel un orifice estforme, ledit element 

5 d'ancrage (3) comprenant : 

un corps (6), des moyens de liaison (9) destines 
a relier ledit objet audit corps (6) et des moyens 
de fixation (12) destines a fixer ledit element 

10 d'ancrage (6) a I'interieur dudit orifice de I'os ; 

ledit corps (6) presentant un axe longitudinal 
(15) et une section transversale maximum, 
transversalement audit axe longitudinal (15), 
plus faible que la section transversale dudit ori- 

^5 fice dans ledit os ; 

lesdits moyens de liaison (9) comprenant une 
ouverture dans ledit corps (6) ; et 
lesdits moyens de fixation (1 2) comprenant une 
pluralite de moyens d'accrochage sur I'os (45), 

20 detellesortequelorsque ledit element d'ancra- 

ge (3) est insere dans ledit orifice de I'os, ladite 
pluralite de moyens d'accrochage sur I'os (45) 
s'accroche sur ledit os, ladite pluralite de 
moyens d'accrochage sur I'os (45) etant f ormee 

25 de maniere a pennettre I'introduction dudit ele- 

ment d'ancrage (3) dans ledit d'orif ice, extremi- 
te distale en premier, et adaptee de maniere a 
resister a I'extraction dudit element d'ancrage 
(3) par rapport audit orifice, extremite proxima- 

30 le en premier ; 

caracterise en ce que 

lesdits moyens de fixation (12) comprennent 
35 une partie centrale (42) qui est positionnee a 

demeure a I'interieur dudit corps (6), et lesdits 
moyens d'accrochage sur I'os (45) s'etendent 
vers I'exterieur a parti r de ladite partie centrale 
(42). 

40 

2. Element d'ancrage selon la revendication 1, dans 
lequel lesdits moyens de fixation (12) comprennent 
une partie centrale courbe (42) et les moyens d'ac- 
crochage sur I'os (45) comprennent au moins deux 



45 lamelles allongees s'etendant vers I'exterieur a par- 
tir de ladite partie centrale courbe (42). 

3. Element d'ancrage selon la revendication 2, dans 
lequel lesdites au moins deux lamelles allongees 
50 comprennent une extremite distale et une extremite 



proximale (48) et, dans lequel, en outre, ladite ex- 
tremite proximale (48) est courbee vers I'exterieur 
par rapport audit corps (6). 

55 4. Element d'ancrage selon la revendication 2, com- 
prenant au moins deux moyens de fixation. 

5. Element d'ancrage selon I'une quelconque des re- 
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vendications precedentes, dans lequel lesdits 
moyens de fixation (12) comprennent un alliage a 
memoire de forme pseudo-elastique. 

6. Element d'ancrage selon I'une quelconque des re- 5 
vendications precedentes, dans lequel ledit corps 

(6) comprend un materiau pouvant etre biologique- 
ment absorbe. 

7. Element d'ancrage selon I'une quelconque des re- io 
vendications precedentes, dans lequel ledit corps 

(6) comprend un polymere pouvant etre moule. 

8. Element d'ancrage selon la revendication 1 , dans 
lequel ledit corps (6) comprend une partie distale ^5 
(18) presentant une surface d'extremite distale co- 
nique (21), une partie proximale (24) presentant 
une surface d'extremite proximale (27), et une par- 
tie centrale (30) s'etendant a partir de ladite partie 
distale (18) vers ladite partie proximale (24), ledit 20 
corps (6) comprenant, en outre, au moins deux ca- 
naux s'etendant longitudlnalement (33), lesdits ca- 
naux s'etendant vers ladite surface d'extremite 
proximale (27) et, dans lequel, en outre, lesdits 
moyens de fixation (12) comprennent une partie 25 
centrale courbe (42) et lesdits moyens d'accrocha- 

ge sur I'os (45) comprennent au moins deux lamel- 
les allongees s'etendant vers I'exterieur a partir de 
ladite partie centrale courbe (42). 

30 

9. Element d'ancrage selon la revendication 8, dans 
lequel lesdites au moins deux lamelles allongees 
comprennent une extremite distale et une extremite 
proximale (48) et dans lequel, en outre, ladite ex- 
tremite proximale (48) est courbee vers I'exterieur 35 
par rapport audit corps. 

10. Element d'ancrage (105) selon la revendication 9, 
dans lequel ladite partie centrale (111) est lineaire- 
ment en saillie dans ladite partie distale (18) dudit 40 
corps (6) de telle sorte que lesdits moyens de fixa- 
tion (12) s'opposent au deplacement par rapport 
audit corps (6). 

11. Element d'ancrage selon la revendication 9, com- ^5 
prenant au moins deux moyens de fixation. 

12. Element d'ancrage selon la revendication 9, dans 
lequel lesdits moyens de fixation (72) comprennent 
des moyens d'assemblage de corps destines a so 
s'opposer au deplacement de ladite partie centrale 
par rapport audit corps. 

13. Element d'ancrage (105A) selon la revendication 

10, dans lequel ladite partie centrale (111) est tor- 55 
sadee autour de son axe longitudinal (15). 

14. Element d'ancrage (69) selon la revendication 12, 



dans lequel lesdits moyens d'accrochage de corps 
comprennent des parties decoupees (78) dispo- 
sees sur ladite partie centrale (75) de telle sorte que 
ladite partie centrale (75) desdits moyens de fixa- 
tion (72) s'oppose au deplacement par rapport audit 
corps (6). 

15. Element d'ancrage (81) selon la revendication 12, 
dans lequel lesdits moyens d'accrochage de corps 

comprennent une partie centrale aplatie (87) pre- 
sentant au moins une ouverture (90) s'etendant 
transversalement. 

16. Element d'ancrage (81) selon la revendication 15, 
dans lequel ladite partie centrale aplatie (87) com- 
prend, en outre, au moins une partie dentelee (83). 

17. Element d'ancrage selon I'une quelconque des re- 
vendications 12 a 16 precedentes, dans lequel les- 
dits moyens de fixation (72) comprennent un alliage 
a memoire de forme pseudo-elastique. 

18. Element d'ancrage selon I'une quelconque des re- 
vendications 12 a 17 precedentes, dans lequel ledit 
corps (6) comprend un materiau pouvant etre bio- 
logiquement absorbe. 

19. Element d'ancrage selon I'une quelconque des re- 
vendications precedentes 12 a 1 8, dans lequel ledit 
corps comprend un polymere pouvant etre moule. 

20. Element d'ancrage (51) selon la revendication 1, 
dans lequel ledit corps (54) comprend une partie 
distale (18) presentant une surface d'extremite co- 
nique, une partie proximale (24) presentant une 
surface d'extremite proximale (27), et une partie 
centrale (30) s'etendant a partir de ladite partie dis- 
tale (18) vers ladite partie proximale (24), ledit corps 
(54) comprenant, en outre, au moins deux surfaces 
s'etendant de maniere proximale (57), lesdites sur- 
faces etant formees en creux par rapport a ladite 
partie distale (1 8). 

21. Element d'ancrage (51) selon la revendication 20, 
dans lequel lesdits moyens de fixation (12) com- 
prennent des moyens d'accrochage de corps (78) 
destines a s'opposer au deplacement de ladite par- 
tie centrale (42) par rapport audit corps (54). 

22. Element d'ancrage (51) selon la revendication 20, 
dans lequel ladite partie centrale (42) est lineaire- 
ment en saillie dans ladite partie distale (1 8) dudit 
corps (54), de telle sorte que lesdits moyens de fixa- 
tion (12) s'opposent au deplacement par rapport 
audit corps (54). 

23. Element d'ancrage (3) selon la revendication 1 , 
dans lequel ledit corps (6) comprend une partie dis- 
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tale (18) presentant une surface d'extremite coni- 
que (21), une partie proximale (24) presentant une 
surface d'extremite proximale (27), et une partie 
centrale (30) s'etendant a partir de ladite partie dis- 
tale (18) vers ladite partie proximale (24), ledit corps 5 
(6) comprenant, en outre, au moins deux canaux 
s'etendant longitudinalement (33), lesdits canaux 
s'etendant vers ladite surface d'extremite proximale 
(27). 

10 

24. Element d'ancrage (3) selon la revendication 23, 
dans lequel ladite partie centrale (42) est lineaire- 
ment en saillie dans ladite partie distale (18) dudit 
corps (6), de telle sorte que lesdits moyens de fixa- 
tion (12) s'opposent au deplacement par rapport ^5 
audit corps (6). 

25. Element d'ancrage (120) selon la revendication 24, 
dans lequel lesdits moyens de fixation (123) com- 
prennent une barre en alliage a memoire de forme 20 
pseudo-elastique, ladite barre etant fendue longitu- 
dinalement suivant une partie de sa longueur de 
maniere a former une paire de lamelles allongees 
(45), ladite partie non fendue de ladite barre com- 
prenant ladite partie centrale lineairement en saillie 25 
(126), et ladite paire de lamelles allongees (45) 
etant adaptee afin de s'etendre de maniere proxi- 
male a I'exterieur dudit corps (6). 

26. Element d'ancrage (1 29) selon la revendication 24, 30 
dans lequel lesdits moyens de fixation (132) com- 
prennent un tube en alliage a memoire de forme 
pseudo-elastique et presentent une surface inte- 
rieure, ledit tube etant fend u longitudinalement sui- 
vant une partie de sa longueur de maniere a former 35 
une paire de lamelles allongees (138), ladite partie 
non fendue dudit tube comprenant ladite partie cen- 
trale lineairement en saillie (135) et presentant une 
partie de ladite partie distale (18) assemblee en 
contact avec ladite surface interieure, et ladite paire 40 
de lamelles allongees (138) etant adaptee afin de 
s'etendre de maniere proximale vers I'exterieur du- 
dit corps (6). 

27. Element d'ancrage (1 41 ) selon la revendication 24, ^5 
dans lequel lesdits moyens de fixation (144) com- 
prennent au moins deux lamelles allongees (147, 

1 50) torsadees ensemble sur une partie de leur lon- 
gueur de maniere a former ladite partie centrale 
(153), ladite partie centrale etant positionnee a Tin- so 
terieur dudit corps (6) de maniere a venir lineaire- 
ment en saillie dans une partie distale de ce 
dernier ; et dans lequel lesdits moyens d'accrocha- 
ge sur I'os (45) comprennent les parties non reliees 
desdites au moins deux lamelles allongees (147, ss 
150) adaptees de maniere a s'etendre vers I'exte- 
rieur a partir de ladite partie centrale (153), et a 
s'etendre de maniere proximale par rapport a ladite 



partie distale dudit corps (6). 

28. Element d'ancrage (156) selon la revendication 24, 
dans lequel ladite partie centrale (168) comprend 
un moyen de reception destine a recevoir a demeu- 
re une pluralite de moyens d'accrochage sur I'os, 
ladite pluralite de moyens d'accrochage sur I'os 
comprenant des lamelles allongees (1 71 ) adaptees 
de maniere a s'etendre vers I'exterieur a partir de 
ladite partie centrale (1 68) et a s'etendre de manie- 
re proximale par rapport a ladite partie distale (18) 
dudit corps (6) et, dans lequel, en outre, lesdites la- 
melles allongees (1 71 ) sont courbees vers I'exte- 
rieur par rapport audit corps (6). 

29. Element d'ancrage (156) selon la revendication 28, 
dans lequel ledit moyen de reception comprend un 
manchon pouvant etre serti (1 74). 

30. Element d'ancrage (1 77) selon la revendication 24, 
dans lequel lesdits moyens de fixation compren- 
nent un ressort a spire unique (1 83) comprenant un 
alliage a memoire de forme pseudo-elastique, et, 
dans lequel, en outre, ledit ressort a spire unique 
(183) comprend une partie centrale (192) dudit 
moyen de fixation qui est lineairement en saillie 
dans la partie distale dudit corps (6) et des moyens 
d'accrocliage sur I'os (45) comprenant deux lamel- 
les allongees s'etendant de maniere proximale a 
partir de ladite partie centrale (192) et vers I'exte- 
rieur par rapport audit corps (6). 

31 . Element d'ancrage (1 95) selon la revendication 23, 
dans lequel lesdits moyens de fixation compren- 
nent des moyens elastiques composes (204). 

32. Element d'ancrage (3) selon la revendication 1 , 
dans lequel ledit corps (6) comprend des moyens 
de fixation (12) en polymereeten alliage a memoire 
de forme pseudo-elastique et, dans lequel, en 
outre, ledit corps (6) comprend une partie distale 
(18) presentant une surface d'extremite conique 
(21), une partie proximale (24) presentant une sur- 
face d'extremite (27) et une partie centrale (30) 
s'etendant a partir de ladite partie distale (18) vers 
ladite partie proximale (24), ledit corps (6) compre- 
nant, en outre, au moins deux canaux s'etendant 
longitudinalement (33), lesdits canaux s'etendant 
vers ladite surface d'extremite proximale (27) ; 

lesdits moyens de fixation (12) comprennent 
une partie centrale courbe (42) positionnee a 
demeure a I'interieur dudit corps (6) et lesdits 
moyens d'accrochage sur I'os (45) s'etendant 
vers I'exterieur a partir de ladite partie centrale 
courbe (42) ; et 

chacun de ladite pluralite de moyens d'accro- 
chage sur I'os (45) comprend une extremite dis- 
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tale (48) et une extremite proximale, et, dans 
lequel, en outre, ladite extremite distale (48) est 
courbee vers Texterieur par rapport audit corps 
(6). 

5 

Systeme d'ancrage comprenant : 

un element d'ancrage selon I'une quelconque 
des revendications precedentes ; et un moyen 

d'introduction destine a deployer ledit element io 
d'ancrage dans un orifice de I'os. 
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